Introduction
In the recent years, many researchers have explored the development of sodium ion conducting polymer electrolytes in order to understand the structure, ion conduction mechanism and their application in the sodium batteries. The sodium may be considered as an alternative to lithium as a negative electrode (anode) due to its low cost, natural abundance, non-toxicity, low atomic mass (23.0) and high electrochemical reduction potential (−2.71 V verses SHE) [1, 2] . Furthermore, the softness of this metal makes it easier to achieve and maintain good electrical contact with other components in the battery. The possibility of using the polymer electrolytes containing sodium salt in the primary batteries have been studied by many researchers [3, 4, 5, 6] Among the polymer electrolytes have been studied, gel polymer electrolytes (GPEs) are found to be advantageous which have both solid and liquid like properties. The GPEs can be obtained by swelling the polymer in the solvents consisting of metal ions so can be thought as a liquid electrolyte entrapped in a polymer matrix. In GPEs, the salt provides ions for conduction and the solvents helps in dissolution and also offers the medium for ion conduction. The addition of plasticizing solvents such as ethylene carbonate (EC) and propylene carbonate (PC) to the GPE also decreases the glass transition temperature of the polymer and softens the polymer backbone, which results in high segmental motion and thus increases the ionic conductivity [7] . In addition, the GPEs can be made into a thin and flexible film. Since it is flexible, it can be shaped and bent to fit the geometries of any devices.
Among various polymer host used in the GPEs, copolymer poly (vinyledenflouride-co-hexafluoropropylene) PVdF-HFP has been extensively investigated due to its unique properties that containing both amorphous HFP and crystalline phases which provide plasticity and mechanical strength respectively. The amorphous HFP phase helps to capture large amount of liquid electrolytes and the PVdF crystalline phase acts as a mechanical support for the polymer matrix [8, 9, 10, 11, 12, 13, 14] . Besides its good mechanical stability and easy film fabrication, it is possible to obtain a gel polymer electrolyte that shows conductivity as high as 10 -3 S cm -1 [15] .
In this present paper, we report the studies on GPEs films consisting of poly vinylidenefluoride-co-hexafluoropropylene (PVdF-co-HFP), sodium trifluoromethane-sulfonate (NaCF 3 SO 3 ), ethylene carbonate (EC) and propylene carbonate (PC). The effects of NaCF 3 SO 3 salt concentrations on ionic conductivity, thermal and structural of the GPEs films were studied using Electrochemical Impedance Spectroscopy (EIS) and Thermogravimetric Analysis, respectively.
Experimental
The materials used in this work were PVdF-HFP (MW= 400,000 g/mol, Aldrich) as a host polymer, ethylene carbonate (EC) (Fluka) and propylene carbonate (PC) (Aldrich) as a plasticizing solvent, sodium trifluoromethanesulfonate (NaCF 3 SO 3 ) as a dopant salt and tetrahydrofuran (THF) (Aldrich) and acetone (Aldrich) as the solvents.
A fixed amount of PVdF-HFP was dissolved in a mixture of acetone and THF solvent and the mixture was stirred and heated until the solution turned into a clear and homogeneous. After complete dissolution, the solution containing NaCF 3 SO 3 salt and the mixture of EC and PC with mass ratio of 2:1 were added to the polymer solution. The mixtures were continuously stirred for several hours. The gel polymer electrolyte films were prepared by varying the NaCF 3 SO 3 salt contents from 5 wt. % to 30 wt. %. The gel films were obtained by casting the resulted homogenous solution onto glass petri dishes and the solvent was left to evaporate slowly at room temperature. The films were then kept in the desiccators for further drying before the characterization to be carried out.
The thermogravimetric analyses were done using TA Instruments under a flowing nitrogen atmosphere from 20 to 900 C. A heating rate of 20 ºC min -1 was used to analyze all GPE films. The influences and effects of different of salt compositions on the conductivity behavior have been investigated using Electrochemical Impedance Spectroscopy (EIS). The EIS measurement of the films was performed using HIOKI 3532 LCR in the frequency ranging from 50 Hz to 1 MHz. The thickness of the GPE films was measured using micrometer screw gauge and the film was sandwiched between two stainless steel electrodes with diameter of 1.0 cm. The conductivity-temperature dependence studies were carried out in the temperature range of 303 to 373 K. The ionic conductivity of the samples was determined using the equation
where t is the thickness of the film and A is the effective film-electrode contact area. The bulk resistance, R b is obtained from the complex impedance plot.
Results and discussion
TGA. Thermal analysis has been performed on the electrolytes to determine the thermal stability of the GPE films and to confirm that the solvent was completely removed from the preparation step. Fig.  1 shows the TGA plots for the pure PVdF-HFP, PVdF-HFP/EC/PC, GPE films containing 5, 20 and 30 wt.% of NaCF 3 SO 3 salt films, respectively. It is observed that the pure PVdF-HFP film exhibit two-step decomposition pattern. First thermal transition of the film occurs at 150 C with a weight loss of about 5%. This indicates that the film is stable up to 150 °C, this is due to the melting of HFP unit in PVdF-HFP matrix [16] . The second transition occurs at 461 C with a major weight loss of about 72 %. This result is predominantly caused by the heat decomposition of the polymer structure. Pure PVdF-HFP
PVdF-HFP/EC/PC
In the PVdF-HFP/EC/PC plot, the weight loss observed in the initial stage at 120 •C corresponds to the evaporation of the PC and EC, which the loss weight is about 31%. The initial decomposition of plasticized sample indicates that an addition of plasticizers decreases the thermal stability of the polymer system. On the other hand, the TGA curves of GPE-NaCF 3 SO 3 complexes reveal two main weight loss regions. The first region at lower temperature between 150 °C and 200 °C indicates the decomposition of EC, PC and HFP components. The region at higher temperature between 350 °C at 450 °C is associated with the decomposition of the GPE complexes. The weight loss of about 3% at temperature below 100 °C observed in TGA curve containing 20 wt.% NaCF 3 SO 3 is due to the removal of moisture absorbed with sodium salt [17] . The final step between 350 °C at 450 °C is due to the degradation of the GPE film. The results of weight-loss ratios for all samples are summarized in Table 1 . It can be seen that the first decomposition temperature increases when the salt was added to the PVdF-HFP/EC/PC film indicating that all the GPE-salt complexes are thermally stable up to 145 °C. It is also observed that the addition of salt increase the thermal stability of the plasticized film. The result clearly indicates that the highest conducting film (20 wt.% NaCF 3 SO 3 ) has a good thermal stability up to ~ 155 C, which is higher than that of liquid electrolytes (80 C) currently used in lithium ion batteries [18] . Therefore, this type of GPE film with better thermal stability may enhance the performance and safety of the batteries. It is observed that the amount of weight loss for the second region of decomposition decrease with increasing salt concentrations. This may be due to the higher amount of sodium salt that interacts with the polymer host, making the film more difficult to be decomposed [19] .
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Advanced Materials Engineering and Technology II Conductivity. In this study, the ionic conductivity has been measured by varying the salt content and keeping the PVdF-HFP and mixture of EC: PC content constant. Fig. 2 shows the room temperature ionic conductivity as a function of NaCF 3 SO 3 salt content. The conductivity obtained for the PVdF-HFP/EC/PC films is 5.08 x 10 -6 S cm -1 . The ionic conductivity increases as the salt content increases up to the optimum value of 2.50 x 10 -3 S cm -1 at 20 wt% of NaCF 3 SO 3 and then decreases on further increase of salt contents. This is caused by the increase in ionic mobility and the number of conducting species contributed by sodium salt known as free mobile ions. The presence of plasticizer also contributes to the increase of the conductivity value. The plasticizers are low molecular weight organic solvents (mostly liquid) that can modify the physical properties of polymer matrix such as lowering the glass transition temperature, microstructure, and viscosity resulting in the increase of segmental mobility of the polymer chains. It also suggested the high dielectric constant of the plasticizer increases the number of free ions by weakening the coulombic force between the anions and cations of the sodium salt. Therefore, the dissociation of salt in the GPE sample has increased, and greater numbers of free sodium ions are produced. The ionic conductivity decreases after optimum salt content due to ion association or ion aggregation [20] . At higher salt concentrations, the distance between ions becomes more significant because the ions become closer to one another and tend to associate. The conductivity-temperature dependence analysis has been studied to investigate the influence of temperature and salt concentration on the transport properties of the GPE samples. This studies were carried out on three GPE samples was subjected to perform the studies i.e. films containing 5 wt.% , 20 wt.% and 30wt.% of NaCF 3 SO 3 salt. Fig. 3 illustrates the dependence of ionic conductivity on temperature for the GPE samples. It can be seen the increase in temperature leads to an increase in conductivity. This is expected because as the temperature increases the polymer can expands easily and creates free volumes around the polymer chains, which causes the increase in mobility of ions.
The non-linear plot observed in Fig. 3 indicates that the ionic conduction follows the Vogel-Tamman-Fulcher (VTF) [21] relationship as in the expression of:
In this equation, A is a fitting constant proportional to the number of charge carriers, B is the pseudoactivation energy associated with the motion of the polymer segment, k is the Boltzmann constant and T o is the equilibrium temperature of the system corresponding to zero configuration entropy; T o =T g -T, where T g is the glass transition temperature. Since the conductivity-temperature data obeys VTF relationship, the nature of cation (Na + ) transport in polymer electrolytes is dependent on polymer segmental motion and it can be explained in terms of free volume [22, 23] as mentioned above. From the VTF equation, it is clear that ionic conductivity could be improved by lowering the Tg. The lower T g suggested the increase of amorphous region of the GPE film that influences the ionic mobility. In this work, T g of the GPE samples has been measured using Differential Scanning Calorimetry (DSC). Linear plot can be obtained by plotting log σT 1/2 versus 1000/(T-T o ) as shown in Fig. 4 . The value of activation energy and number of charge carriers can be determined from the plot. The calculated value of A and B for each sample is summarized in Table 2 . It is observed that the samples containing 20 wt.% shows higher conductivity but lower pseudo-activation energy and T g values indicating the higher amorphous fraction in the samples. The increases of amorphous region will improve segmental motion of the gel polymer electrolyte and increase the free volume. Therefore, ions can move into the free volume, causing the increase in conductivity. Table 2 VTF parameters for the gel polymer electrolyte (GPE) films.
Conclusions
The gel polymer electrolytes of PVdF-HFP containing various concentrations of NaCF 3 SO 3 salt have been prepared and studied. TGA analysis confirmed that the GPE film is stable up to 145 °C. Ionic conductivity has increased with salt concentration up to an optimum value. The conductivity reached the maximum value of 2.50×10 −3 S cm −1 at 20 wt.% NaCF 3 SO 3 . High ionic conductivity could be attributed to the increase in the numbers of free ions. The temperature dependence of ionic conductivity of the GPE samples exhibited VTF behaviour. 
